PCT 



WORLD INTELLECT 

Inu 








INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H01T 23/00 



Al 



(11) International Publication Number: WO 96/04703 

(43) International Publication Date: 15 February 1996 (15.02.96) 



(21) International Application Number: 



PCT/SE95/00906 (81) Designated Sto^AU JP US^uro^ ^& T £*3 

DE, DK, ES, FR, GB, GR, EE, IT, LU, MC, ML, PT, 5>E). 

(22) International Filing Date: 4 August 1995 (04.08.95) 

Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

In English translation (filed in Swedish). 



(30) Priority Data: 
9402641-6 



5 August 1994 (05.08.94) SE 



(71) Applicant (for all designated States except US): STRAINER 

LPB AKTIEBOLAG [SE/SE]; Timmermansgatan 41, S-l 18 
55 Stockholm (SE). 

(72) Inventors; and >vTT ^__ . A 
(75) Inventors/Applicants (for US only): ANDRZEJ, Loreth 

[SE/SE]; Fiskare Gustavsvag 34, S-184 70 Akersberga 

(SE). KLEPPE, Astri [SE/SE]; Halsingcgatan 18, S-l 13 

23 Stockholm (SE). WACKAW, Szefcr [PUPLJ; Luzycka 

67/22, PL-30-693 Krakow (PL). 

(74) Agents: ERIXON. Bo et al.; AB Electrolux, Group Patents & 
Trademarks, S-105 45 Stockholm (SE). 



(54) Title: DEVICE FOR TRANSPORTING AND/OR CLEANING AIR BY CORONA DISCHARGE 



M 





(57) Abstract 

A device for training air. said device using an ^"^^^^ 
target electrode (M) provided downstream of the '^J^^J^^^^^Z Senate (M). the potential being such 
(3) has its positive terminal connected to the corona electrode (K) and the other terminal to ™ !"f d ™"£JEdi and through the target 

thin wire-shaped element having an equivalent diameter less than 0.2 mm and preferably less than O.i mm. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


Bj 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


a 


Cote d'lvobe 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


CZ 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



GB 


United Kingdom 


GE 


Georgia 


CN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


KyrgysUn 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


UK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



MR 


Mauritania 


MW 


Maliwi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


* Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 96/04703 



1 



PCT/SE95/00906 



Case W 629 

Device for transporting and/or cleaning air by 
corona discharge 

The present invention relates to a device for transporting 
air with the aid of so called ion-wind or corona-wind , the 
device being of the kind set forth in the preamble of claim 1. 
It is previously known that an air transport in principle 
5 can be achieved with the aid of a so-called electric ion-wind 
or corona-wind. Such a ion-wind is created when a corona 
electrode and a target electrode are arranged at a distance 
from each other, said electrodes being connected to respective 
terminals of a d.c. voltage source. The design of the corona 

10 electrode and the potential of the voltage source are such that 
a corona discharge appear at the corona electrode. This corona 
discharge produces air iones with the same polarity as the 
corona electrode and possibly also charged so-called aerosols, 
i.e. solid or liquid particles present in the air and becoming 

15 charged upon collision with the charged air ions. The air iones 
move rapidly, under the influence of the electric field, from 
the corona electrode to the target electrode, where they 
relinquish their electric charge and again return to neutral 
air molecules. During this movement the air iones are 

20 constantly in collision with the non-charged air molecules, 
whereby the electric forces are also transferred to the latter, 
which are thus drawn in direction from the corona electrode to 
the target electrode, thereby causing an air transport in the 
form of a so-called ion-wind or corona-wind. 

25 Arrangements for transporting air based upon electric ion- 

wind are for instance described in DE-OS 2854716, DE-OS 
2538959, GB-A-2112582 , EP-A1-29421 and US 4 380 720. However, 
these suggesred prior art arrangements have been found 
extremely ineffective, and have not achieved any practical 

3 0 significance. Considerably improved, both effective as well as 
practically useful, air transporting devices based upon 
electric ion-wind are descibed in the patent portfolio of 
former Astra Vent, now TL Vent. 
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Common for all the devices mentioned above is that a corona 
electrode and a target electrode are arranged at a distance 
from each other in the direction of the desired air stream, 
said corona electrode as well as said target electrode having 
5 such a design that they allow a through-going air flow. The 
target electrode is located downstream of the corona electrode 
in the desired direction of flow and a d.c. voltage source is 
connected between the corona electrode and the target 
electrode, the potential of said d.c. voltage source and the 

10 design of the corona electrode being such that a corona 
discharge appear at the corona electrode, said discharge 
initiating air iones. 

In all the previous known devices the electric electrodes 
are arranged inside an air flow duct that surrounds said 

15 electrodes. However, as can be learnt from the above-mentioned 
applications in the name of TL Vent such ducts are not absolute 
necessary if the device is designed in accordance with what is 
described in said international applications. 

The presently presented corona electrodes for air 

20 transporting devices of this kind can be divided into two main 
groups, i.e. on one hand longitudinal, essentially wire shaped 
corona electrode elements that extend across the air flow path 
and on the other hand pointed corona elements, e.g. in the 
shape of thin wires or needles, that are arranged axial ly in 

25 the air flow path having one end connected to a holder and the 
other free or pointed end directed towards the target 
electrode. 

The requirements called for, as regards the corona 
electrode in an air transporting device of the present type, 

30 are that the corona discharge initiated at the corona electrode 
should give rise to as large air transport as possible, and 
further the corona discharge should be stable and initiate as 
small generation as possible of toxic gases, primarily ozone 
and nitrogen oxides. It is also important that the air flow 

35 through the device is as even as possible, especially if the 
the device is intended also for air cleaning. 

Experimentally it has been shown that essentially improved 
air transport is achieved with the aid of pointed or wire- 
shaped corona electrode in comparison to longitudinal corona 
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electrode. The pointed or wire-shaped corona electrode is 
arranged, as described above, axially in the centre of the air 
flow path with the free end directed towards the target 
electrode. However, this problem solution gives rise to other 
5 very serious problems. If such a pointed corona electrode uses 
positive corona discharge, said corona discharge gets unstable 
by the creation of elongated, wire-shaped corona discharge 
ducts, so-called streamers, in the surrounding air. 

As a consequence of this a positive corona discharge from 

10 such a pointed corona electrode can not be used in tedious 
operations. If such a pointed corona electrode instead uses a 
negative corona discharge, said problems do not occur in a 
similar way but on the other hand negative corona discharge 
generates many times greater volumes of toxic gases, e.g. ozone 

15 and nitrogen oxides. Therefore, negative corona discharge is 
not suitable because of the requirements for devices of the 
present type. 

The aim of the present invention is to provide an air 
transporting device of the above-mentioned type having a corona 

20 electrode with a design that better fulfills the above- 
mentioned requirements than the previous proposed designs of 
the corona electrode. 

The invention is based on the finding that a positive 
corona discharge from a pointed or wire-shaped corona electrode 

25 having its free end directed towards the target electrode is 
stable in operation if the corona electrode is sufficiently 
thin closest to its free end. 

According to the present invention the above-mentioned 
requirements upon the corona electrode of an air transporting 

30 device of the present type are fulfilled in that the corona 
electrode includes at least one, preferably several, essen- 
tially wire-shaped corona electrodes, the free end of the 
element (k) being of as thin material as possible with regard 
to mechanical stability. 

35 Experimentally it has been shown that conductive or semi- 

conductive material thinner than 0.2 mm and preferably thinner 
than 0.10 mm is suitable for the purpose. In contrast to 
previously known solutions, e.g. according to what is disclosed 
in SE patent application 8506067-1, where the corona electrode 
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is arranged axially in the centre of the air flow, the corona 
electrode according to the present invention can include a 
number of corona electrode elements consisting of several wire- 
shaped elements located in a common holder, said wire-shaped 
5 elements preferably being distributed across the cross-section 
of the air flow duct. 

Surprisingly it has shown that these small corona electrode 
elements, even if several of said elements are located with one 
end in a common holder and the other end directed reasonably 

10 free in the main direction of the air flow, however primarily 
within an imaginary cone with a crest angle not increasing 
180°, do not have any significant screening effects between 
themselves. This indicates that some or someone of these 
elements within the same group to a substantially larger degree 

15 than other elements within the group supplies the air with an 
essentially larger number of air iones. 

The surprising observation that the ion clouds around a 
group of corona elements of the device according to the present 
invention to a substantial degree is created by all or at least 

20 most of the elements within the group, this being a difference 
compared to the function of all previously known corona 
electrodes, also means that the risk for unstability, i.e. the 
creation of streamers, is reduced since the strain per element 
of the corona currency is reduced in proportion to the number 

25 of elements. 

The explanation to stable positive corona discharge from a 
corona electrode according to the invention is probably to be 
found in the fact that in connection with a sufficient thin 
wire element the difference in field strength at the envelope 

30 surface closest its absolute end and the field strength at its 
absolute end is equilibrated. 

It is of course also technically possible, however 
impractical, that the corona electrode element designed in 
accordance with the present invention is terminated by a point. 

35 However, such a design is not improving the device. From a 
practical point of view there is of no importance whether the 
absolute end of the electrode, i.e. the visible, cut-off cross- 
sectional surface is primarily circular, oval or of another 
type. Further, it is of no importance whether the wire itself 
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has a different cross-section than cylindrical. Therefore , a 
thin wire-shaped corona electrode element characterized by a 
diameter according to the invention should be interpreted as a 
circular, symmetrical cross-section corresponding to a surface 

5 of a different cross-section of a blank for the corona 
electrode. Experimentally it has also turned out that the 
corona electrode element (k) , unlike previously known ion-wind 
devices, preferably can be located relatively arbitrary in the 
cross-section of the air flow. This means that different corona 

10 elements in many practical applications are at a distance from 
the target electrode that varies quite a lot. 

The corona electrode according to the invention can consist 
of or be coated with both conductive or semi-conductive 
material, e.g. tungsten, stainless material, platina, gold, 

15 carbon fiber or other materials. 

Notwithstanding its dimensions it is of course preferable 
if the wire is mechanically stable. Therefore, a resilient 
material for the wire is preferable. 

The characterizing features of the invention are described 

20 in the appending claims. 

Below the invention will be described more in detail, 
reference being made to the accompanying drawing where Figs.l 
and 2 schematically illustrate different embodiments of an air 
flow transporting device according to the invention. 

25 Fig.l schematically illustrates a first embodiment of an 

air transporting device according to the invention, said device 
including an air flow duct 1, the desired air flow direction 
being marked by an arrow 2. In the duct 1 a corona electrode K 
and a target electrode M are provided. The corona electrode K 

30 and the taget electrode M are connected to respective terminals 
of a d.c. voltage source 3. 

In the disclosed embodiment the air flow duct 1 is presumed 
to be tube-shaped with a circular or similar cross-section. The 
target electrode M is designed as a cylinder with a shape cor- 

35 responding to the air flow duct 1. In the disclosed embodiment 
the target electrode M is arranged closely adjacent to the wall 
of the air flow duct 1 or directly upon its inner wall as a 
conductive layer. The device functions in such a way that a 
corona discharge appears at the corona electrode K and produces 
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air iones that under influence from the electrical field 
migrate from the corona electrode K to the target electrode M 

* 

and thereby initiate the desired air flow 2 trough the duct l. 
According to the present invention the corona electrode K 
5 can include several corona elements k grouped in separate 
holders h, the corona elements k being in the shape of thin 
vires and each holder h receives several wires. These holders h 
are located in the device according to Fig. 1 around a ring R 
inside the air flow duct with the holder upstreams and the 

10 corona element downstreams, the free ends of the corona element 
k being directed towards the target electrode M. 

Fig. 2 schematically illustrates another embodiment of the 
device, the corona electrode K including several groups of 
corona elements k arranged upon a common holder H that in the 

15 shape of a rounded rod extends through the symmetrical axis of 
the duct, upstream of and at a distance from the target 
electrode M. The holder H is designed to rotate or turn around 
an axis that either coincide with the symmetry axis of the 
holder or is substantially parallel with said axis. Thereby the 

20 free ends of the electrode element k are accessible for 
cleaning from the inlet of the duct. 

This can easily be arranged if a convenient brush or some 
kind of rake is arranged upstream of the holder at such a 
distance that in connection with the rotation of the holder the 

25 wire-shaped elements of the corona element k directly contact 
said brush/rake. Preferably, this device can also be a part of 
the so-called screening electrode. 

In the disclosed embodiment the corona electrode K is 
connected to positive potential and the target electrode M is 

30 connected to negative potential relative to earth potential. In 
many applications it is however convenient to connect the 
target electrode M to earth potential or a potential close to 
earth . 

In connection with Fig.l the device is described as a tube- 
35 shaped air flow duct having a circular or similar cross- 
sectional area. However, the invention can also be used in 
connection with other possible shapes, e.g. a narrow 
rectangular shape according to Fig. 2 or a slot-shaped cross- 
sectional area. In such cases a number of corona electrodes K 



WO 96/04703 PCT/SE95/00906 

7 

according to the present invention are provided at a distance 
from each other and in a plane arranged upstream of the plane 
of the target electrode M, seen in the direction of the air 
flow. Thereby, each such corona electrode K supplies the 
5 accompanying part of the total air flow duct with air iones. 

Of course the device for cleaning of the corona electrode K 
can be adapted and designed in view of the design of the corona 
electrode K itself and the structure of other parts of the 
device according to the invention. 

10 Above the device according to the invention has been 

described in detail only as regards the design of the corona 
electrode. As regards the remaining structure of the air 
transporting device reference is made to the patent portfolio 
of TL Vent showing previously known structures that can be 

15 improved to a considerable degree in view of the requirements 
for an ion wind device defined in the present application, i.e. 
by designing the corona electrode K as characterized in the 
present application. Thus an electrode can miss a surrounding 
duct with physical walls. Further a convenient screening 

20 upstream of the corona electrode is provided, to avoid an ion 
stream in direction upstream of the corona electrode, as de- 
scribed in said patent portfolio. Due to the essentially 
improved characteristics of- the device according to the 
invention it is possible in many applications to use only one 

25 polarity of the d.c. voltage source. In connection therewith it 
is suitable that the target electrode M is earthed and the 
corona electrode K is connected to positive voltage. 

An electric earthed target electrode M can also be in the 
shape of a convector for heat /cold. Further the respective 

30 groups of corona electrode elements can be connected to the 
positive terminal of the d.c. voltage source via high-resistive 
electrical components, thus rendering the device safe at touch. 
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Claims 



1. Device for transporting air, said device using an electric 
ion wind and including at least one corona electrode (K) , at 
least one target electrode (M) axially spaced from and down- 
stream of the corona electrode (K) , seen in direction of the 

5 air flow, said target electrode (M) allowing the air flow to 
pass through, and a d.c. voltage source (3) having its positive 
terminal connected to the corona electrode (K) and the other 
terminal to the target electrode (M) , the design of the corona 
electrode (K) and the positive potential between the electrodes 

10 being such that an ion generating discharge appears at the 
corona electrode, characterized in that the corona electrode 
includes at least one wire-shaped corona element (k) having one 
end provided in a holder (h) and the free end pointing in a 
direction having one vector component that is perpendicular to 

15 the plane of the target electrode, the equivalent diameter of 
the element (k) being less than 0.2 mm and preferably less than 
0. 1 mm. 

2. Device according to claim 1, characterized in that the 
corona electrode (K) includes several electrode elements (k) . 

20 3. Device according to claim 2, characterized in that several 
electrode elements (k) are assembled in the same holder (h) , 
said corona electrode (K) includes at least one such assembly 
of electrode elements (k) . 

4. Device according to claim 3, characterized in that the 
25 corona electrode is turnable around a suitable axis in such a 

way that in doing so the corona element frictionally contacts 
a suitable cleaning device arranged upstream of the corona 
electrode. 

5. Device according to claim 4, characterized in that the 
30 cleaning device constitutes a part of the so-called screening 

electrode (S) . 

6. Device according to claim 1-5, characterized in that the 
corona electrode element (k) is made of resilient material. 

7. Device according to claim 1-6, characterized in that the 
35 corona element (k) is made out of or coated with gold or 

platina. 
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8. Device according to claim 1-6, characterised in that the 
target electrode is in the shape of a convector for heat-cold. 
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